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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a both-side telecentric optical system 
including a lens group capable of moving in the optical axis direction for the purpose of 
focusing, having a high resolution and large numerical aperture and suited to observe 
and measure a precise shape. 

SOLUTION: A 1st lens group G1 is constituted of a 1st part lens group G11 and a 2nd 
part lens group G12 having positive refractive power and a 2nd lens group G2 is 
constituted of a 3rd part lens group G21 and a 4th part lens group G22 having the 
positive refractive power. The 1st part lens group G11 includes a positive lens Lp 
having a curvature stronger on the image-side surface and a negative lens Ln having a 
curvature stronger on the object-side surface, and the 2nd part lens group G12 
includes at least a pair of concave surfaces opposed to each other through a distance. 
Then, the surface of the 3rd part lens group G21 nearest to the image side, which is 
the concave surface, faces to an image side, and the surface of the 4th part lens group 
G22 nearest to the object side, which is the concave surface, faces to the object side. 
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u >x h ©as t> e> & u > x l 213 &*>m 



N A = 


0. 4 




(3 = 


-2.0 




D0 = 


8.956 






r 


d 


1 


-88.88965 


20.000000 


2 


-39.87980 


1.600000 


3 


-25.25235 


10.950000 


4 - 


1000.00000 


1.400000 


5 


-184.43566 


15.400000 


6 


-43.35068 


0.200000 


7 - 


1622.63139 


10.500000 


8 


-56.39096 


0.200000 


9 


77.80540 


20.000000 


10 


-69.74452 


7.200000 


11 


55.73215 


18.100000 


12 


-39.52208 


11.850000 


13 


-285.12142 


18.800000 


14 


-79.32533 


0.100000 


15 - 


1967.80594 


10.000000 


16 


-128.11774 


18.850000 


17 


oo 


43.150000 


18 


-500.00000 


10.000000 


19 


-246.51803 


0.100000 


20 


154.60409 


20.000000 


21 1196024.8273 


0.550000 


22 


92.02903 


20.000000 


23 


354.95549 


20.000000 


24 


51.53220 


43.150000 


25 


-50.88595 


3.000000 


26 


40.83411 


6.550000 



> x m g 2 2 ( z % mmu > x tmtmicam&fattfziE* 

-X*XU>XiKDK!)^'to#*e)«j:Sg^b>XL22 
1 , [3q£iU>XL222 , Pi[QiU>XL223 x fecfctM&ffr 
fiSCCiB*|fii(+fciE^-7:*^ UVXL224 *6fl|j5E$ 
tLTl^o -T*tot>. S4W»U>XWG22t:*5l^T, 
IE^-X^Xl/>XL224 (4, «*flfe«tEK**iB.o 
(fc«tiaffiftl^«t&iE^-X*XU>XL4Rft«J«bT 

[ 0 0 3 7 ] Jfcoa ( 1 ) 1 ^SE^JOlg 

7n©g[*»tf-B. ft (1) fc*5^T, NAttWPRt, 
/?«i«gffefS**, D0(4^if«ggf («*«if*;«©u>X 

fc, ffl##li»#:«3^e>©*U>XH©JKI?t, r(i«- 
L/>XBB©ft**g*, dtt&UVXffllHIB*. n537 
li«gA= 5 3 7 nm©*ttfc3sfrSJB*f**, n532 
(4iggA= 5 3 2 nmGD^SSltCfcf-r SJS«f^*. n527 
(4MA= 5 2 7 nm(Z)il6JBlCjtJ-rsJH*f***tl-en 

[0 0 3 8 ] 
[II] 



n537 n532 n527 

1.803290 1.804255 1.805251 

1.803290 1.804255 1.805251 

1.777443 1.777977 1.778527 

1.801903 1.802505 1.803124 

1.752361 1.752849 1.753351 

1.813925 1.815020 1.816153 

1.729087 1.729745 1.730424 

1.801903 1.802505 1.803124 

1.801903 1.802505 1.803124 

«■□«?> S) 

1.801903 1.802505 1.803124 

1.801903 1.802505 1.803124 

1.846196 1.846864 1.847553 

1.724578 1.725422 1.726293 

1.763305 1.764254 1.765234 

1.801903 1.802505 1.803124 
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27 


79.97943 


2.000000 














28 


1000.00000 


8.000000 


1, 


.802098 


1. 


.802767 


1 


.803456 


29 


-178.89635 


0.100000 














30 


61.12990 


8.000000 


1, 


.801903 


1. 


.802505 


1, 


.803124 


31 


-270.10434 


0.800000 














32 


43.49917 


12.800000 


1. 


. 777443 


1 . 


.777977 


1, 


.778527 


33 


54.40207 


21.229472 















f 1 = 6 4.2 2 3 
f 2 = 1 2 8. 446 
r 1 = 4 3.499 
r 2 = 54.402 
f 21- 1 4 3. 5 6 9 
f 22= 1 1 9. 4 0 2 

H= 3.6 
f lp= 4 9.5 8 6 
f ln=- 5 6 . 6 5 1 

(1) I 0 | - (f 1/f 2) 

(2) m 

(3) f21/f22 

(4) (r 1 + r 2) / (r 1 - r 2) 

(5) f 1/2 H 

(6) | f In/f lp | 

[ 0 0 3 9 ] H2tt, *l*flfi«lc*5l*S»BBJRIiBI, 

T, NA(iiP«, Ytt*lft*, iSWSA = 5 3 
7 nm<£>;ft®£, ISii^lA = 5 3 2 nmCD}fcSS£, 
-^£M^kU£KA = 5 2 7 nm©*jB4*tl-?tt3SLT 

H3JC*5l>T, (a) fcMftKl OftUCfcttS* U 
5^ 7T^;U3^jR||*5 < j:tJ c 't>-^^;i/3^jRgi*, (b) 

*;i/hvjR^*, (c) (iffeiS7S!ltc*5(ts^ U^V^r 
^-;i/3VJRSi*5«J:rJ f *^^;i/rr^jRM*, (d) ttffeiK 

VJR^^, (e) teffeS OSICfcttS^ U^-f 

0 2tsJ:r5SI3CD«-JRSIH3a»e)B86*3&:J:-5lC, 31 1* 
SE^'J T* s IgiKH # tc «ie * tir ^ s <r h # to ^ 

[ 0 0 4 0] H4tt, mi HJIfi«llC*5V^TlB 1 u>x» 
G 1 #»BBfiHB* &8»t5 d fc & < LfcttSHC* 
ttaMTFMttHT-feao 15lt 
*5V>TSU U>X»G 1 A $ Wfl8ffiH*e>«l*ffl'N0 . 5 
mmf; LtM L fcttJSfc feWSMT F [ItlS&HT* 
*6>tC, 0 6(4, »1 j«SWJC*5^T»l u>x 
SG 1 ASfflJBJffifEta* e> flfefflJ'N 0 . 5 mm£l*l£fi!l Lt^r 
^Lfc«J8«C*5{+aMTFiaiaiHT*ftSo &MTF ll.llS 



=- 0 . 0 1 
= 1.202 
= - 8 . 9 7 9 
= 8.920 
= 1.14 2 

Bts^T, mm^mm^m (M:*/mm) 
dtittMTFi (ai«sR#o^MTF« rtais 

fb) *^n-?ft^Lt^So £fz, &MT F ffi^HiC S3 
t^T, «SL lttHWRftflL*. iL2(^«± (flfeSSO 
SO) «L3a(ftA3g!l(C«<tdSM^|qIt. IL4 
tt**3gUJCi3t*SS*(Rlt, «gL 5ttfcrt5fflfc:*5tt 

L 7tt*»7»|«C*5WSaj»*|pI*, SSL 8&ffS5 7®J 

IrI*. ffiLlOttftffi 1 0 #J * f* 3 1*0***1* ft 
SltOSo 04^l260*MTFffl»0*&fB&jfc*: 

Cfc#to#3o 

[0 0 4 1 ] Cm 2 SlflEfci;) O 7 (4. *^CQfg 2 

-£&£o 0 7CD3te^tC:fc^T* m 1 b>XS¥G 1 $><D 
m 1 U > XS G 1 1 fcfc . ttftfli jii t s ftftf ij }z [HI 
EI^fpJit^M^-^^^ U>XL111 , ftfWJicElBJ* 
|Sl»*:iE^-^*^l/>XL112 , ^ct^ftfriR'JiCElSi 
S:lRl(tfcIE^-^^^ U VXL113 *£>«JGS£ftT ^ 
£ Q -Tftto%, &lSB#u>XWGlltcl5^T* IE>- 
*#XU>XL112 (4. 1»W4l!l©ilH«t 0 *|ftffi©ffi<C)(J 
o ififfi ^ till * £ W T £ IE U > X L p £ {ft gcUT^I)o £ 
fc, m*~7,?J7, U>XL111 tt, IEU>XLpi:|»0 

% C > J.U ¥tfit5ftl/ >XL n£ f ft /SLTt^o 
[ 0 0 4 2 ] £ ffi 1 U > Xfflf G 1 4' CD'S 2 U > 
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ftfflW- 1 1 - 3 5 2 3 9 8 



IE* X >X t (D%& <9 ^ & £fg£r u >X 

L122 , ^^t>^f*ffl(c(Lqffi^^(tfe.IE^^X^XW> 
XL123 /^#?^£tlT^£o "T^cfct), m2Ufrl>> 
X#G12JCi5^t\ g-£b>XL121 ©flfeffllOBfcffi^ 
UVXL122 ©ttf£#JJ©M£#, ^P^PraSPSTTS^ 
£ |pj ^ £r o & - CD Efl [li * ffi f% L T ^ S o 
[ 0 0 4 3 ] S5>fc, *2U>XlfG2ft«©*3»»l/ 

ie^-^^xi/>xl2ii . ^^mi^wcam^m-)- 

feIE^^^*^U>Xfcttfr#J«cdiaB*lRltffcft^- ( X 

#U>X8¥G22li, i^[Hl^>X^^di^>Xh6DteD^ 
to-fr*e>«cSS^U>XL221 , f^dhl/>XL222 . *5 



NA 


= 0.342 






/J 


= -2. 0 






D 0 


= 8.934 






M# 


r 




d 


1 


-52.43554 


15. 


,000000 


2 


-1000.00000 


0.650000 


3 


-247.09099 


13. 


800000 


4 


-53.36120 


0. 


200000 


5 


-3572.55963 


6. 


000000 


6 


-39.07307 


0. 


200000 


7 


64.13822 


7. 


650000 


8 


-34.37843 


13.350000 


9 


39.19843 


13. 


200000 


10 


-20.68492 


8.000000 


11 


-67.59413 


21. 


600000 


12 


-44.26655 


0. 


100000 


13 


-556.99725 


5. 


550000 


14 


-85.12761 


10. 


000000 


15 


oo 


10. 


000000 


16 


109.87827 


15. 


000000 


17 


21867.30836 


0. 


550000 


18 


60.64354 


15. 


000000 


19 


279.84436 


9. 


750000 


20 


36.68537 


41. 


800000 


21 


-40.55685 


15. 


000000 


22 


55.20016 


15. 


000000 


23 


-92.79364 


0.360000 


24 


757.97958 


6. 


000000 


25 


-210.51646 


0. 


372000 


26 


39.82205 


6. 


000000 


27 


65.71244 


36. 


552053 



<fc VttfttM £ am * IpJ it fclE * ~ X ii 7, V > X L 223 
&«/#<**lT^S« -Tfefct). £5 4g|5#U>XS¥G22iC 
*5^T, IE* b>XL223 ii x A i> KM BBS 

[0 0 4 4] ( 2 ) *SBHH©SS 2 £ffi9J<!>H 

7G©tt*»tfSo m (2) £*5^T* NAfcfcMPRS, 
/JttJBflWS*** D0(i«« 1/>X 

I/>XB©i**g*, dfcfc&UVXBIfflfil*, n546 

n435 «gA = 4 3 5. 8 4 nm0*«tSt £JB#t 

[ 0 0 4 5 ] 
[S2] 



n546 n435 

1.801617 1.831518 

1.776511 1.792324 

1.800855 1.818801 

1.751509 1.765893 

1.761660 1.791150 

1.723115 1.749224 

1.800855 1.818801 

1.800855 1.818801 

(BPJRt) S) 

1.800855 1.818801 

1.845033 1.864916 

1.723115 1.749224 



1.761660 1.791150 

1.800855 1.818801 

1.800855 1.818801 

1.776511 1.792324 
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f 1 - 6 0.0 3 7 
f 2 = 1 2 0. 074 
r 1 = 3 9.8 2 2 
r 2 = 6 5.712 
f 21 = 1 4 3. 0 2 6 
f 22= 9 0. 6 7 1 

H= 3. 6 
f lp= 6 8.719 
f ln=- 1 1 7 . 8 4 8 

(1) (f 1/f 2) 

(2) m 

(3) f21/f22 

(4) (r 1+r 2) / (r 1 - r 2) 

(5) f 1/2 H 

(6) | f ln/f 1 P | 

[0 0 4 6 ] i8(t m2nmmiz&rtz>mmm£m. 

2^ffi0fJ^^(tS^VJR^gIT'fe^o *JR3IHIC*t> 
5. 8nm®^^, H8iiSSA= 5 4 6. 1 nm(E> 

tlftl^LTV^o £ft£> 0 9fc:fc^Tx (a) lift 
;mviR^ft, (b) ttfltift9aUlCj3»S^ "J^-f 

;i/3^iR3l*5J:TJ c 't>'^*;u3^jR^*. (c) (±fftiS7 
»|ic*5»5^ U^-V ;*t-;Lo viR^ftcfctfi^^i/a v 
JR*ft, (d) ttfeflSfflfctJttS;* 'Jf^tw -7 
JRM*5<tV1t^^;U3 VIRUS, (e) tt«fciS0iy«C*5 

^tl-en^LTl^So 118 :fc£tfl2 9CD&iRMI2fr£>IB 

titles cttfbfrSo 

[ 0 0 4 7] HOIt S2jgJBS«fc:*5t>T^ 1 U>X 
3¥G 1 #«J«ffi«fr CI fcft < ^Jfc U&ttlBt: 

M5MTFB«0t'*So 0 1 1«\ H2il 

0 . 5 m m t± t mm U X L fc ttffi lz ft It £ M T F ffl 

siT'S^o Bi2tt, m2mmmic$>^xm 

1 U>XfPG l#ttffl(S«*6lk«^0- 5mm)EI» 
l& tt^ll fcttffi id *5 It S M T F ffljBHT- ft S o & M 

TFi«aic*^t, «WKi£WJs«» (#<a : */m 

m) ft, JftWiMTFfll (^W«jS»*5 0TMTFfii* 

mmom) ft, »l 3ttfife«3f!itc*5ttsg«*[Ri 

ft. *L4tt»*3ffl«ce(tSg*lRlft, »L5ttffellE 
5«HCt5»SJg«*filt, KL 6ttfMK5t!liC&tt&g 



= 0 

=- 0 . 0 1 
= 1.577 
=- 4 . 0 7 6 
= 8.338 
= 1.715 

w-asjito&iRi*, tBLioafltiei otutt5wa««i*iei 

ft^n^tl^bTl^o d 1 0~O 1 2CD#MT FfflS£ 

[0048] cm 3 mm&D hi3b, ^mmcom 3 m 

ItfeSo [1 1 3CD^^^iC^^T, S§ 1 1/>XSG 1 

tCKIH*iaW-&jE-*-X;*JX I/>XL111 . 1»tMBtCG3 
M*lR»t&ft^^^*^UVXL112 , ^f'J^QDtBft 
fSHtfclE^-X*;* U>XL113 , *5 «t fcl BflBB 
ftfp]ltfcIE^^^^XU>XL114 frftfltfifc^tl/t^ 
3o W1»#U>XBG1UC;|3^T* IE*- 

5#«Offl**W-r5IEUVXLp**fiEUt^So * 
M^-^*^L/>XL112 te\ IEl/>XLphi!3 
^ o T IEK £ ftfio&flj CD iSU 0 t> ftrfrfi [ij CO o tfi 
3SlV^tt*ft*-r5ft^ >XL nftlgjjfcUT ^5 0 
[ 0 0 4 9 ] Sfc, HI U>XSGl*0i2Ml/> 
XS¥G12te, WflcfllfrftJKfc:, r^fi U >X hf^CD 1/ >X 
fc©flA!)#b#*&ft5«^b>XL121 , WMHCIH] 

s*ia«t&ft^-^*x i/>xfc»fr«fc:iaffi*[pi»& 

IE^-^^X b>X^cDHi D6toW?)458^I/ >X 
L122 . »f*fflicEIffiftfpIltfcIE^-^^^U>XL12 
3 . *iV»«:«(C|Hlffi*lRl»&iE^-X^X^>XL 
124 A^M^ntt^o -r«ct>%, S2SB#U>X» 

Gi2ic^oTs g^-i/>xLi2i (Dmmomtm^iyy 

XL122 coiftfrffiloMi:* 5 , ffi»MPBSH-rTSl^t:iRi 
* V ^ -o tz — n (O El BS ft tfl /ffi b T ^ & o 
[0050] S6t, 35 2 P >XfG 2 3 U 

>XWG21tt. i3uftU>XL211 , ft 

J; frffl] iC iL l i ifii ft [p] It IE ^~7,ti7,U>XtPA ftW 
IC A KB ft fqJ 1 1 m * =- 7, *7U>Xt CD Mi t) # ^ ft 
^^>tg^rb>XL212 ^ftr/'5/S^tlT^^ 0 ife, ^2 

i/>x»g 2 *<oag4as^u>xwG22tt. seinu^x 
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tm^m ic a m * m-ttziE * -x -n x u >x t m& % & 
^xi^>XL224 *e>«j«$nT^So ^4 

£P#b>XffifG22iO:fc^T, IE;><-X#X 1/>XL224 
tt, S * ffeffil C B« * ftlo ffeffl fcC3ffl*lRlW'JfcjE*- 
X*X U>XL4R£tgJ55cUTO£o 
[ 0 0 5 1 ] ( 3 ) Jc, *ISB3<DgS 3 HSE«CDli 

7uCDffi*»tfSo S (3) fctSWC* NAttlBPRft, 

N A = 0. 5 

/? =-2.0 

D 0 = 8.934 

ffii^ r d 



1 


-69.61981 


8.000000 


2 


-23.53862 


1.600000 


3 


-18.04891 


9.250000 


4 


-1000.00000 


1.400000 


5 


-142.22029 


17.300000 


6 


-38.29197 


0.200000 


7 


-550.78056 


10.500000 


8 


-48.30452 


0.200000 


9 


77.81645 


17.900000 


10 


-50.24281 


9.300000 


11 


52.68762 


18.100000 


12 


-33.19577 


12.050000 


13 


-100.00000 


17.400000 


14 


-98.55950 


0.100000 


15 


-140.00000 


10.300000 


16 


-71.89987 


0.100000 


17 


-408.03625 


10.000000 


18 


-132.25894 


10.000000 


19 


00 


10.000000 


20 


122.96670 


10.350000 


21 


-2322.85294 


0.550000 


22 


69.41196 


15.200000 


23 


291.24815 


15.400000 


24 


41.05862 


47.000000 


25 


-44.19477 


19.400000 


26 


41.08554 


16.100000 


27 


117.98193 


2.000000 


28 


126.39788 


6.700000 


29 


-256.27255 


0.100000 


30 


98.30387 


6.000000 


31 


-500.00000 


0.800000 


32 


47.71372 


7.500000 


33 


90.32718 


30.267757 






f 1 


= 6 6.095 




f 2 


=13 2. 191 




r 1 


= 4 7.714 





t/>Xffi©ffi*M*g*. d(i«-U>XffiraPB*. n546 
(«SA= 5 4 6. 0 7 nm<0*R£#-r5JB#f**, 
n435 (i»IA = 4 3 5. 8 4 nm0*f|(cat^M 

[ 0 0 5 2 ] 
[13] 



n546 n435 

1.801617 1.831518 

1.801617 1.831518 

1.776511 1.792324 

1.800855 1.818801 

1.751509 1.765893 

1.812025 1.846310 

1.727943 1.748045 

1.800855 1.818801 

1.800855 1.818801 

1.800855 1.818801 

(HnftD s) 

1.800855 1.818801 

1.845033 1.864916 

1.723115 1.749224 

1.761660 1.791150 

1.800855 1.818801 

1.800934 1.821068 

1.800855 1.818801 

1.776511 1.792324 
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r 2 = 90.327 
f 21 = 14 6. 161 
f 22 = 7 0. 137 

H= 3. 6 
f lp= 2 9. 3 6 4 
f ln=- 4 0. 5 6 5 

(1) | 0 | - (f 1/f 2) 

(2) m 

(3) f21/f22 

(4) (r l + r2) / (r 1-r 2) 

(5) f 1/2 H 

(6) | f ln/f lp | 

[ 0 0 5 3 ] 11411 ai3lljSfSW«c*5JtS»fflJRII 
Bk *AJR*BI*5<kVffittJRilH"e*S. Sfc* mi 5 
i4, S3SI«i«lct5»S3VJRIIHT-*5. *iRHBUc 
fcV>T, NAl4l8P!&ft, Yltmm*. 8«li»SA = 
4 3 5. 8 nm©*«*, iM8tt«K A = 5 4 6 . In 

fllftl^UTt^o HlSJCtSl^T* (a) 

(iffeiSl 0fflic*5»s^ U^tf^u^vJKItfc.fclW 
S/'^;i/^^iRH*, (b) tt«S9fflfc*5l*S* U^-f 
7T^;i/3VJR^*5J:^^^;i/3VJR^S:. (c) (4ft 
iS 7 91 U^-f ^^-;i/^^iRM*5ctVit^^;i/ 

i^iK^ft, (d) m&msmiz&ttz>*i)Tj*i-)\s 

3VJRH*5ctlf*^^;U3VJRa*, (e) f4jfeft0gy 
^ft^tV^^bT^&o [1 1 4 *5<fcTfEI 1 5 O^iR^ 

[0054] 016(4, ms-^mm^^xmi ^>x 
^itsMTFffigiat'fe^o s-fc, hi 7 m3mm 

0. 5mm€^»Lt^L&tt«iCt5(tSMTFft 

1 U>X»G 1 ^SJflBffiB* 6 flfefflj'x 0 . 5 mm#:tt# 
■ftLT-&SRU3fcttJISJC*5JtSMTFft«BlT-*So §M 

m) ft, KWiMTFI (SfflJBjfi»# 0 t?MT F«« 
licifgfb) ft-^tl-etliSLT^So SMTFtt 

(f^iSOS'J) ft, KL3aiftlA3Alic«H'2SIR^lRl 
ft, «L4ttjfeift 3fR|fcl*5»Sg*|p|ft, fiL5tt&A 
5|ytCfc(t^^*fp]ft, SSL 6ttffti«5i!l«C*5(t4g 
* IrI ft , iL 7 (4 -fife iS 7 III ic *5 £ Stt# [rJ ft , iL8 
«4flfe»7iUJC*5»Sg*lRlft, &L 9 (4 ft Si 1 0»JIC*J 
WS®«*IrI*, «L10(4fifeSS 1 0|iJ«C*5ttSS**lRl 

ft^n-etiTfxLTi^o eh 6~iii 8©#MTFjuma 



= 0 

= -0. 0 4 7 
= 2.084 
=- 3 . 2 3 9 
= 9.180 
= 1.381 

[ 0 0 5 5 ] 

XSGl) |g»(B*#-2te-C\ ^f^-yit- 

^;H4mmgST\ 5 0 0 */mmgS<OiSl^jSfft* 

fcjitfo. 3 4~o. 5 oajK©*Sft»p«ft*u 

So LfetfoT, *$8W©WfflJ5 t U'fe> h »J ***** 
i4 . fttH & JBtt© IS* *5 i t>"$iJ & if ic £f® T- fe S o 

[m 1 ] *#gfE©S l^MHWJc^frSlBflll^HrV b U 
^ ^*^CD«JBRft^-rHT*feSo 
[12] JBl*m«lCt5*tS»ffiiR2SH. *iftiR^H*5 

[13] »i*jfi«ic**ta3VJRjiiat?»a. 

[14] Sl^HMfcfctvtSl U>X^G 1 tfSIffiffi 
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